pH-Profiles for Kinetic Parameters. The Michaelis-Menten plots of v i /[E] against
[GAP] for isomerization of (R)-glyceraldehyde 3-phosphate (GAP) to dihydroxyacetone phosphate catalyzed by wildtype and mutant forms of TIM, in the absence of phosphoglycolate (PGA), or in the presence of different fixed concentrations of PGA are shown in Figures S1-S11.
Values for the kinetic parameters k cat and K m , and the inhibition constants (K i ) obs for inhibition by PGA, were determined from nonlinear least squares fit of data shown in Figures S1-S11 to equation S1 for competitive inhibition of TIM by PGA. Table S1 reports the values of k cat and k cat /K m and Table 2 reports the values of (K i ) obs determined from the fits for these data. The pH profiles of k cat and k cat /K m are shown in Figures S12-S14. In cases where there is no sign of saturation at the highest substrate concentration of 12 mM substrate, the values of k cat /K m for the isomerization of GAP and the (K i ) obs for competitive inhibition of TIM by PGA were determined from the nonlinear least squares fit of these kinetic data to eq S2.
[E] = cat [GAP] [GAP] + m (1 + (S2) Figure S15 shows the pH-dependence of the observed values K i for inhibition of wildtype and mutant enzymes by PGA at 25 C and I = 0.1 (NaCl). The data in the region of the downward break may be fit to a Scheme where the inhibition is due exclusively to binding of the dianion form of the inhibitor to give a value pK HI = 6.3 for ionization of the inhibitor in water, , calculated from the values of (K i ) obs using eq S3 pK a = 6.4 for ionization of HI 2-to give I 3- , are reported in Tables 2 and 3. Tables S2 and S3 also 
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